Poor sleep and sleep-related breathing disorders are common in hemodialysis (HD) patients. However, it is not well known whether there is a relation between nutritional habit and quality of sleep. The aim of this study was to investigate the relation between quality of sleep and nutritional characteristics.
INTRODUCTION
Sleep apnea is common in patients with chronic kidney disease (CKD) and increases as kidney function declines. Almost 50% of patients with CKD experience nocturnal hypoxia, which may contribute to loss of kidney function and increased cardiovascular risk (1) . However, a well-functioning renal graft does not cure the poor sleep pattern that now emerges as a problem even in early CKD. Studies from Turkey have shown that the prevalence of subjective sleep problems is 50%-80% in hemodialysis (HD) patients (2) .
Limited daily activities, ESRD related metabolic changes, pain, dyspnea, tiredness, cramps, presence of peripheral neuropathy affecting the upper respiratory nerves, and emotional problems may have a role in sleep problems in HD patients (3) . Improvements in sleep problems have been reported to be an indicator of increased quality of life (4, 5) . To improve the quality of sleep, factors likely to impair sleep should be identifi ed and appropriate precautions should be taken. Nutrition is a factor which may infl uence the quality of sleep and therefore, it is of great importance in patients undergoing hemodialysis. Apart from medical treatment of these patients, their nutritional status plays an important part in treatment outcomes (6) .
To our knowledge, there have not been any studies in the literature about whether there is a relation between the quality of sleep, and feeding habits, nutritional elements and biomarkers in patients receiving HD. The aim of this study was to reveal the relation between the quality of sleep and nutritional characteristics and laboratory markers.
MATERIAL and METHODS

Material
We conducted a cross-sectional study. The study population included 105 patients undergoing HD and the study sample included 84 patients fulfi lling the inclusion criteria and agreeing to participate in the study. Inclusion criteria were receiving 3 HD sessions per week for three months or longer and being at the age of 18-60 years.
Exclusion criteria were chronic obstructive lung disease, sleep apnea syndrome, obesity, neoplastic diseases, active rheumatologic disorders, cardiovascular disease (these patients are clinically defi ned by clinical evidence of actual or past history of cardiac disease, unstable angina, heart failure and previous stroke or myocardial infarction), iron defi ciency, restless legs syndrome, periodic limb movement disorder, chronic diseases likely to affect sleep quality such as psychiatric diseases and taking antidepressants and sedatives. All the patients were receiving HD for four hours a week.
Laboratory Results
Blood samples were taken for glucose, urea, creatinine, serum albumin, prealbumin, potassium, phosphorus, total cholesterol, Very Low Density Lipoprotein (VLDL), Low Density Lipoprotein (LDL), High Density Lipoprotein (HDL), triglyceride, hematocrit, hemoglobin, total protein, uric acid, sodium, calcium, total lymphocyte count, iron and iron binding capacity in all patients before HD. The latest laboratory results at the time of the study were included into the analysis.
Questionnaire
The questionnaire developed by the researchers included 17 questions about socio-demographic features including gender, age, marital status, education, fi nancial status, employment, health insurance, the number of people in the household and whether the house/fl at was rented or not, time to start treatment, frequency and duration of HD, primary renal disease, fl uid intake between two dialyses, smoking and the number of cigarettes smoked and taking medicine.
The Pittsburgh Sleep Quality Index
The Pittsburgh Sleep Quality Index (PSQI) was used to evaluate the quality of sleep (7) PSQI, a reliable test which has an internal validity and which can be replicated, is used to reveal the quality of sleep in the last one month (ά= 0.77). It is a reliable tool that can differentiate between patients sleeping well and patients with poor sleep. Items of this index include various factors associated with the quality of sleep. These questions are used to determine duration and latency of sleep and frequency and severity of sleep related problems. Higher scores for the index show the poor quality of sleep. The index does not show whether there is a sleep disorder or the severity of sleep disorders. It has been reported that total scores of 5 or higher for the index indicate the poor quality of sleep. Scores of 0-5 show the poor quality of sleep, while scores of 6-21 indicate the good quality of sleep and are interpreted by comparing scores from different groups of people. The diagnostic sensitivity of the index is 89.6% and the specifi city of the index is 86.5.
Arizona Food Frequency Questionnaire
Anthropometric fi ndings (body mass index, circumference of the upper middle arm and skin thickness on the triceps), biochemical fi ndings and Arizona Food Frequency Questionnaire (AFFQ) were used to evaluate nutritional status. AFFQ is composed of questions about 65 foods that belong to fi ve main categories and 25 dietary habits. Questions about dietary habits include life style, dietary history and habits, consumption of coffee, tea, sugar and salt, dental problems and gastrointestinal complaints. The questionnaire is used to reveal the frequency of consumption of foods in each major category and their portions in 12 months.
The Subjective Global Assessment used to evaluate patients' nutritional status does not yield results consistent with biochemical parameters and does not give suffi cient information about nutritional status of patients undergoing HD (8) . There is no gold standard test for evaluation of both the quality of sleep and nutritional status. Therefore, AFFQ, adapted to Turkish by considered signifi cant. The two dimensional hypothesis was taken into consideration in all analyses. Logistic regression analysis was used to determine risks for the quality of sleep in the patients receiving hemodialysis.
RESULTS
Out of 84 patients, 51.2% had the poor quality of sleep and 48.8% had the good quality of sleep. Table I shows the distribution of socio-demographic features and laboratory results of the patients by the quality of their sleep. Although there was no signifi cant difference between gender and the quality of sleep (p=0.128), the patients with the good quality of sleep were younger and had signifi cantly higher albumin, prealbumin and total lymphocyte counts. There was no signifi cant difference in fasting blood sugar levels, hemoglobin, creatinine levels and weight gain between two dialysis sessions between the patients with the good quality of sleep and those with the poor quality of sleep (p>0.05). Table II shows the distribution of intake of fl uid and food categories by the quality of sleep based on data from AFFQ. The patients with the good quality of sleep were found to eat signifi cantly more meat-offal-cheese-egg and fruit (p<0.01).
Çelik et al., was used to evaluate nutritional status of the patients receiving HD in this study (9) . In the adapted version of the questionnaire, there are 7 categories of food and the number of foods is increased. The validity and reliability of AFFQ were tested by Matinez et al. on cancer patients (10) . Answers to the questions about gastrointestinal complaints (for patients frequently experiencing these problems) and dental problems were either yes or no.
Laboratory fi ndings were obtained from patient records and all data were collected by the researchers at face-to-face interviews.
Statistical Analysis
Data were analyzed with SPSS 15.0 (SPSS Inc., Chicago, IL, USA). Descriptive statistics (numbers, percentages, mean and standard deviation) were used. Whether the quality of sleep varied with socio-demographic features and the disease related characteristics were determined and data were analyzed with Chi-square test and t test for continuous variables independent groups. T test for independent groups was used to determine there was a signifi cant difference between the quality of sleep and biochemical fi ndings and nutritional status. p<0.05 was patients with good quality of sleep experienced gastrointestinal problems, with a signifi cant difference (p<0.05). Table IV shows variables affecting the quality of sleep based on the results of logistic regression analysis.
DISCUSSION
There have been several studies showing that patients undergoing HD more frequently have sleep problems than the normal population (2, 4, 11) . This is the fi rst study to investigate effects According to results of the logistic regression analysis, there was a relation between consumption of little meat-offal-cheeseegg, fruit and the quality of sleep, the patients with the poor quality of sleep consumed less cola, coffee and tea and this did not affect the quality of sleep.
As presented in Table III , 71.4% of all the patients had gastrointestinal complaints. Eight-three point seven percent of the patients with poor quality of sleep and 58.5% of the Serum albumin is the most frequently used test in clinical practice to determine protein concentrations. Since it has a long half-life (14-20 days), it can be used to evaluate long-term nutrition. When serum albumin is higher than 4 gr/dl in patients receiving HD, mortality is low and when it is lower than 3.0 gr/ dl, mortality is considerably increased (16) . In the present study, albumin levels were signifi cantly low in the patients with the poor quality of sleep. Consistent with the results of the present study, De Santo et al. reported that as albumin levels decreased so did the quality of sleep (3). It can be suggested that monitoring albumin levels can be useful in predicting the quality of sleep.
Serum prealbumin levels are useful in showing visceral protein concentrations. It is shorter half-life than albumin (2-3 days). Serum albumin levels of lower than 20 mg/dl are closely related to mortality and malnutrition should also be kept in mind (17) . There is no data about the relation between albumin/prealbumin levels and the quality of sleep. Low albumin and prealbumin levels are associated with the poor quality of sleep and patients with the poor quality of sleep consume fewer amounts of foods rich in protein. It can be suggested that since consumption of foods rich in protein can increase albumin and prealbumin levels, the quality of sleep will increase.
In the present study, there was no signifi cant relation in hemoglobin levels between the patients with good quality of sleep and those with the poor quality of sleep. However, De Santo et al. failed to show a relation between hemoglobin levels and the quality of sleep (3). Many studies have shown that low hemoglobin levels decreased the quality of sleep (4, 12). While we found that phosphorus did not infl uence the quality of sleep, Unruh et al. in their study on 71 dialysis patients revealed that high phosphorus levels had a negative impact on the quality of sleep (17) . In the present study, the total lymphocyte count was signifi cantly higher in the patients with a poor quality of sleep.
To the best of our knowledge, there have not been any studies comparing the total lymphocyte count and the quality of sleep.
We also found that the patients with poor quality of sleep consumed less fruit. Consumption of little fruit can have a negative effect on the quality of sleep. However, in this study, consumption of cola, coffee and tea were not found to affect the quality of sleep. Similarly, De Santo et al. reported that caffeine did not affect the quality of sleep (3).
In this study, 83.7% of the patients with the poor quality of sleep had gastrointestinal problems. HD patients frequently suffer from gastrointestinal problems due to uremic toxins (4, 6, of food categories on the quality of sleep. The results of logistic regression analysis made to determine risks in the patients with the good quality of sleep and those with the poor quality of sleep revealed a signifi cant effect of age and meat-offal-cheese-egg on the quality of sleep. Health promoting behaviors vary from culture to culture.
Out of 84 patients included into the study, 51.2% had the poor quality of sleep. This rate of the poor quality of sleep is lower than those obtained before (2, 4, 12 AFFQ was used to determine nutritional status of the patients. To our knowledge, there have not been any studies using AFFQ in patients undergoing HD. However, AFFQ has been one of the main tools used to reveal diseases and foods in many epidemiological studies (13) . In addition, there have not been any studies on the relation between the quality of sleep and nutritional status in patients.
According to the registry obtained by Turkish Society of Nephrology from the HD center in 2009, most of the patients undergoing HD are aged 45-65 years (14) . Many studies have revealed a signifi cant relation between increased age and impaired quality of sleep. In a study by Çölbay et al. using PSQI in 94 patients receiving HD, increased age was signifi cantly related to impaired sleep (11) . Logistic regression analysis revealed that age was an important variable and that the patients with the poor quality of sleep had a higher mean of age. Unlike from the results of the studies described above, the degree of impact was based on Odds number in the logistic regression analysis in this study. It is striking that the analysis helped to determine the real risk coeffi cient.
Based on the results of the logistic regression analysis in this study, another risk factor affecting the quality of sleep was the food category of meat-offal-cheese-egg. In fact, there was a signifi cant relation between consumption of little meat-offalcheese-egg and the quality of sleep. These foods are rich in protein. Protein containing foods facilitate falling asleep. L-Tryptophan (essential amino acid) found in foods is the precursor of serotonin, a transmitter. Therefore, a diet lacking this essential amino acid can impair sleep. Since the foods with high amounts of protein (milk, yoghurt, cheese and eggs etc.) contain tryptophan, they help to fall asleep (15) . Impaired sleep quality in the patients included in this study can be attributed to 13). We found that 67.4% of the patients with the poor quality of sleep had stomachache and that 62.8% of the patients with the poor quality of sleep had fl atulence. These results suggest that stomachache and fl atulence affect the quality of sleep in hemodialysis patients.
Some medications such as SSRI can also cause severe side effects; including sleep disorders and loss of appetite (18) . However, none of our patient was taking antidepressants or sedatives.
There are lots of complex factors contributing to poor sleep in patients undergoing hemodialysis. It has been shown that dialysis adequacy may infl uence sleep quality (19) . However, in our dialysis center, Kt/V was 1.2 or higher.
In this study, there was no signifi cant relation between body mass index and the quality of sleep. This study has some limitations. This is not a prospective study. Therefore, the factors associated with the quality of sleep could not be studied and the possible results could not be evaluated.
CONCLUSION
HD patients have a poor quality of sleep and there is a signifi cant relation between the quality of sleep and age, albumin and prealbumin levels, total lymphocyte count and consumption of meat-offal-cheese-egg and fruit. Gastrointestinal problems more frequently appear in HD patients with the poor quality of sleep. It can be recommended that nutritional contents and parameters should be monitored and that gastrointestinal complaints should be treated. Sleep problems should be eliminated especially in elderly HD patients. Serum albumin, and prealbumin levels and total lymphocyte count should be used for objective evaluation of the relation between nutrition and sleep. Further studies with larger homogenous samples of specifi c patients will confi rm the importance of the results of this study.
